Heatwaves have been getting more intense and frequent in Brazil. They affect public health, mainly outdoor workers, who are vulnerable to them; therefore, public policies focused on this population must be improved. The aim of the present study was to show the spatial behaviour of the maximum wet-bulb globe temperature (WBGT) in central-south Brazil, at domain 34.5-14.8 S latitude and 61.7-37.3 W longitude. The air temperature under heatwave influence is often extreme in this domain and it can exceed 40 C. The WBGT is based on simulated and observed meteorological data. Numerical simulations were conducted for 9 hr (day shift) in each of the 28 days under heatwave influence. The simulated and observed WBGT values were compared to test the model skill assessment. The maximum WBGT of each grid point took into consideration all the schedules and simulation days. Based on the skill results, the simulated WBGT performance was good, mainly in areas recording a higher WBGT; outdoor workers subjected to moderate and heavy workload must be subjected to control measures or stop working in most central-south domains during periods under heatwave influence. In the most critical cases, outdoor workers should be prevented from heavy workload throughout the entire work shift because they are exposed to almost 8 hr of WBGT higher than 30 C.
| INTRODUCTION
Although cold is responsible for most temperature-related mortality in many countries (Gasparrini et al., 2015) , extreme heat has different impacts on public health. Kim et al. (2014) highlighted the importance of being aware of the implications of exposure to heatwaves in order to reduce health risks. According to Dong et al. (2015) , climate changes might increase health risks to humans due to heat stress. Accordingly, many authors have recorded increased mortality and morbidity rates due to heat exposure periods (Semenza et al., 1996; Conti et al., 2005; Leung et al., 2008; Ostro et al., 2009; Hoshiko et al., 2010; Huang et al., 2010; Gasparrini and Armstrong, 2011; Jongsik and Kim, 2012; Lim et al., 2012; Monteiro et al., 2012; Hess et al., 2014; Laaidi et al., 2014; Tasian et al., 2014) . Coelho et al. (2010) developed a model to predict the impact of extremely hot air masses on health and proved the correlation between environmental variables and hospital admissions in São Paulo City, Brazil.
Based on the Intergovernmental Panel on Climate Change (IPCC), the global mean temperature is increasing. Global data show a 0.85 C mean temperature increase from 1880 to 2012 (IPCC, 2013) ; assumingly temperature will increase by 1.5 C to the end of the 21st Century. According to Meehl and Tebaldi (2004) , heatwaves will be more frequent and last longer in the late 21st Century, all around the world. Kiefer et al. (2016) stated that workers are the first to feel the effects of climate change, mainly outdoor workers who are exposed to it for longer than the general population (Kiefer et al., 2016) . Briefly, the increased exposure to heat at work threatens occupational health and compromises productivity (Kjellstrom et al., 2011; Lucas et al., 2014) , mainly in urban areas (Walther and Olonscheck, 2016) .
Brazil is strongly affected by heatwaves, even during the cold seasons. Workers in many Brazilian regions work under high heat exposure due to the environmental conditions. The 2014 World Cup was played in Brazil in winter and yet players showed lower performance due to high environmental heat stress (Nassis et al., 2015) . According to recent studies, the frequency of heatwaves in Brazil has become more intense from 2000 on (Bitencourt et al., 2016) and such excessive heat has a strong impact on rural worker mortality rates (Bitencourt et al., 2012) . Most Brazilian areas selected as the object of study in this research have a tropical savanna and humid subtropical climate (Peel et al., 2007) .
Outdoor workers are highly vulnerable because they are subjected to heavy workloads and to precarious work conditions. According to Lucas et al. (2014) , workers are affected by occupational limitations due to illnesses caused by exposure to heatwaves and by decreased productivity. The study by Spector et al. (2016) pointed out that the risk of heatrelated traumatic injuries to agricultural workers increases in warm weather. Bitencourt et al. (2012) proved the association between the sudden death of rural workers and days of extreme heat in São Paulo state. Based on Roscani et al. (2017) , workers in São Paulo who work on sugarcane cutting also deal with a higher risk of developing heat stress. Other aspects influence outdoor workers' risk of facing heat stress due to the exposure to extreme heat on a daily basis. The National Institute for Occupational Safety and Health (Jacklitsch et al., 2016) presented a series of recommendations related to clothing, individual health (if there are pre-existing diseases) and work organization, among others, to be followed by workers subject to occupational heat exposure. These recommendations and environmental aspects must be taken into consideration when workload (light, moderate or heavy) is analysed, although environmental conditions are the only aspects that cannot be changed. Therefore, better public policies and labour standards must be created in order to minimize heatwave effects on human health.
Many indices have been used to investigate thermal comfort in outdoor areas (Matzarakis and Mayer, 1997; Gómez et al., 2004; Emmanuel, 2005; Andrade and Alcoforado, 2008; Lai et al., 2014; Hirashima et al., 2016) . The wet-bulb globe temperature (WBGT), which uses meteorological data in its estimates, has been widely used by many authors to assess occupational exposure to extreme heat in outdoor working sites (Dernedde and Gilbert, 1991; Bernard and Pourmoghani, 1999; Hunter and Minyard, 2000; Tonouchi et al., 2006; Liljegren et al., 2008; Gaspar and Quintela, 2009 ; Australian Bureau of Meteorology, 2013; Maia et al., 2015) . Some authors have used numerical simulations to analyse the WBGT, or other indices, in order to help mitigate the effects of heat exposure (Bernard and Hanna, 1988; Kusaka et al., 2012; Kjellstrom et al., 2013; Kikumoto et al., 2016; Ohashia et al., 2016; Zheng et al., 2016) . Yaglou and Minard (1957) created the WBGT, which became the main parameter to analyse heat stress worldwide. It was adopted by the International Organization for Standardization 7243 (ISO 7243, 1989) and approved by 75% of ISO member countries; in Brazil, it is regulated by Attachment 3 in Regulatory Standard n. 15 (Ministério do Trabalho e Emprego (MTE), 2013). Some studies applied the WBGT to analyse heat stress at Costa Rica workplaces (Crowe et al., 2010) and in southeastern Asia (Kjellstrom et al., 2013) . According to the Köppen-Geiger classification (Peel et al., 2007) , the climate in these two countries is similar to that recorded in the northern sector of the Brazilian domain studied here.
The aims of the present study were to find the maximum WBGT in central-south Brazil under heatwave influence and to show the most critical WBGT (south 15 S) in Brazil, since this domain is often exposed to extreme temperatures. Although part of this region, mainly the Rio Grande do Sul (RS), Santa Catarina (SC) and Paraná (PR) states, is not affected by hot days all year long, its temperature can reach 40 C or more during heatwave periods. Numerical simulations allowed a greater spatiotemporal resolution analysis to be performed to provide a more detailed WBGT mapping. These simulations were advantageous, because many Brazilian central-south areas are not subjected to observations and have no meteorological data records with intervals shorter than 1 hr. The present results provide WBGT information about areas not covered by weather station networks and set the details of WBGT behaviour within 1 hr periods.
| METHODOLOGY

| Study site and case selection
Brazil has significant temperature variations throughout the year in higher latitudes and presents different thermal features between summer and winter. Winter is colder in the PR, SC and RS states (mainly at Serra Geral, mean altitude 950 m) and in the Mato Grosso do Sul (MS), São Paulo (SP), Minas Gerais (MG) and Rio de Janeiro (RJ) states (mainly at Serra da Mantiqueira, altitude from 1,200 to 2,800 m). Every once in a while, cold air masses also reach the Mato Grosso (MT), Goias (GO), Espírito Santo (ES) and Bahia (BA) states. On the other hand, the heatwaves, or isolated hot days, are mainly felt in spring and summer all around the country. According to Bitencourt et al. (2016) , these waves are more intense in Brazilian tropical areas (north 15 S), on average. However, the maximum temperatures, which can exceed 40 C, are felt in central-south Brazil (domain 34.5-14.8 S latitude and 61.7-37.3 W longitude, Figure 1a ). Heatwaves are associated with relative humidity, solar radiation and wind; these factors cause serious thermal discomfort to populations living in regions affected by it. At 1800 UTC, which is equivalent to 3 p.m. in official Brazilian time, during summer the humidity can reach approximately 70% in most areas in the domain assessed here. Bitencourt et al. (2016) used central-south Brazil to identify heatwaves by comparing maximum daily temperatures to standard deviation above daily means. Based on Radinovié and Curié (2012) , heatwaves must be identified according to thresholds substantiated by mean values plus one or two standard deviations. The method adopted by Bitencourt et al. (2016) to identify heatwaves consists of two steps. The first step lies in selecting all the 'heat events' in three or more consecutive days, when at least 50% of weather stations (in the central-south region) record T max ≥ T max + σ, where T max is the daily maximum temperature, T max is the daily climatological maximum temperature and σ is the standard deviation. In the second step the mean T max (for each heat event) is calculated based on all weather stations that have registered T max ≥ T max + σ and on the entire heat event period (minimum of 3 days), in order to get the heat event intensity (Int). They classified the heat events at Int > 34.02 C as heatwaves because they were in the upper third quartile threshold. This criterion ensured the detection of intense events capable of affecting the population and of making people change their normal activities (Robinson, 2001) . Bitencourt et al. (2016) recorded 31 heatwaves in the central-south region by using datasets collected in 124 weather stations from 1961 to 2014.
The WBGT values of the last seven heatwaves recorded by Bitencourt et al. (2016) were analysed in order to understand better the current climatic scenario in outdoor working sites. In total, 28 heatwave exposure days were assessed. Data from February 3, 2010 and September 10, 2012 were excluded from the analysis due to flaws in the numerical model. The seven heatwaves found by Bitencourt et al. (2016) were recorded in spring and summer and had a mean duration of 4.3 days and a mean intensity of 35 C (Figure 1b ). The heatwave spatial coverage (weather station rate at T max ≥ T max + σ) ranged from 57.3 to 76.7% (Figure 1b ).
| WBGT estimate
The WBGT of outdoor workplaces subjected to solar load is given by (Yaglou and Minard, 1957) :
where T, T n and T g are the dry-bulb, the natural wet-bulb and the globe temperature (in C), respectively. T n and T g from meteorological observations or numerical simulations were not available. They were estimated through the multiple linear regression method. T g depends on air temperature (T in C), relative humidity (RH in %) and wind velocity (V in m/s). T n , in its turn, depends on T, RH and V, as well as on the dew point temperature (T d in C), which is given by: 
Equation (2) for T g is based on a 119 hr data series measured during observational campaigns in SP state in April 2009; February, April, May, June, July, September, October and December 2010; January and February 2011; February, May, October and December 2012; and September 2013. Each campaign lasted up to 1 week. Statistical tests showed significance levels of 0.05 for T, RH and V (p < 0.001). The T g equation evidenced a regression co-efficient R 2 = 0.98 and is given by the expression:
Equation (3) for T n is part of the WBGT estimation method described by Maia et al. (2015) . It is based on a 118 hr data series measured during observational campaigns in SP state. The statistical tests recorded a significance level of 0.05 (p < 0.001) for the meteorological data. The T n equation showed a regression co-efficient R 2 = 0.81 and is given by the expression:
The final WBGT value was found by applying Equations (2) and (3) within Equation (1). Variables T, RH and V resulted from meteorological observations or numerical simulations. The estimate based on observation data was called 'observed WBGT' and the estimate based on simulation results was called 'predicted WBGT'.
| Numerical simulation
T, RH and V were simulated through the Advanced Region Prediction System (ARPS) (Xue et al., 2001) , which is a 3D non-hydrostatic model designed to represent convective and cold-season storms explicitly. Although no assimilation was conducted in the present study, assimilations based on radar data and weather stations could be set by applying this model.
The Global Forecast System (1 × 1 ) was used to collect the initial and boundary conditions (1200, 1500, 1800 and 2100 UTC) and the ARPS model was applied to 28 heatwave exposure days, at day light, from 1200 to 2100 UTC. This was the period of choice because it comprises most outdoor work shifts in Brazil: from 0900 to 1800 official Brazilian time. Although some workers can work different shifts, many professionals, such as construction workers, must follow the 0900 to 1800 shift. The Brazilian labour code allows a night shift; however, employees must receive additional payment to work at night. Such policy impairs shift flexibilization by employers due to heat stress. First, the model was run at 60 km horizontal grid and, subsequently, at 30 km horizontal grid, both centred on 24.5 S and 49.5 W. Seventy-five horizontal grid points and 53 vertical levels were used in both simulations. The 30 km simulation generated the results of spatial domain 34.5-14.8 S latitude and 61.7-37.3 W longitude (Figure 1a ), at 10 min timesteps, totalling 55 simulation fields per day.
| Forecast skill
The tests were performed for 28 heatwave exposure days. The numerical results were compared to conventional weather station data at 1200 and 1800 UTC (Figure 1a ). Performance tests were expressed by the mean difference (diff ) between predicted and observed WBGT values, based on the equation diff ¼
where N is the number of times the difference between the predicted WBGT and observed WBGT was calculated. The predicted WBGT corresponded to punctual forecasts in the grid point closer to the geographic location of the weather station. The observed WBGT corresponded to the meteorological data provided by the National Institute of Meteorology (INMET). The analysis was conducted using the Grid Analysis and Display System (GrADS).
Additionally, the numerical results collected in INMET automatic stations for 19 days (number of days with data availability) in nine locations (Figure 1a ) were tested. The tests were performed at 1 hr timesteps, from 1200 to 2100 UTC. In addition to diff, the mean absolute difference (adiff ) was calculated using
| WBGT analysis
The maximum WBGT value of each grid point in the domain (Figure 1a ) was found from the numerical results. It was assessed every hour for 28 heat exposure days to find the most critical situation possible. (Table 1) . Graphs and maps based on the WBGT mean and standard deviation of the 28 heatwave exposure days were also plotted. The WBGT mean of the 28 heatwave exposure days is denoted by WBGT 28d . The day rate when the WBGT hourly mean was higher than the limit (32.2 C for light workload, 31.1 C for moderate workload and 30 C for heavy workload) was also calculated; it is expressed by d (%) in analyses conducted to assess the WBGT time behaviour.
3 | RESULTS AND DISCUSSION
| Performance of predicted WBGT
The numerical simulation performance was similar at the beginning (1200 UTC, Figure 2a ) and at the end (1800 UTC, Figure 2b ) of the 6 hr integration. The predicted WBGT was underestimated by 0-2 C in most of the studied domain. The northern and northeastern areas in the assessed domain recorded the highest mean error, 3-4 C below the observed WBGT. The predicted and observed WBGT values were compared at each assessed hour (from 1200 to 2100 UTC) in nine weather stations. According to Table 2 , the predicted WBGT ranged from -1.84 to 1.74 C, on average, around the observed WBGT. Therefore, based on the entire integration period, diff ranged from -1 to +1 C in five of the nine locations. adiff ranged from 0.71 to 2.04 C (Table 2) .
Performance tests applied to the numerical simulations recorded small errors; they underestimated the observed WBGT, on average. Therefore, the maximum WBGT results show the most optimistic situation. Despite underestimating the WBGT values, the numerical model was a good alternative for WBGT mapping, because its results led to areas not covered by observations and provided higher temporal resolution to the output data every 10 min.
The sequence of the predicted (every 10 min) WBGT was smoother than that of the observed WBGT from 1200 to 2100 UTC when the WBGT behaviour was measured throughout work shifts (Figure 3a ). This outcome is mainly justified by the wind velocity (V), as V is one of the variables in Equations (2) and (3). These equations were also used to find WBGT through Equation (1). The observed V presented abrupt changes in each measurement, whereas the V behaviour was smoother in the numerical simulations (Figure 3b ). Therefore, hourly air temperature (T) simulations were underestimated (Figure 3c ) and hourly relative humidity (RH) simulations were overestimated (Figure 3d ). Finally, after Equations (1)-(3) were calculated, the predicted WBGT followed the same trend as the observed trend, but the predicted results were below or close to the observation results (Figure 3a) .
| Mapping the maximum WBGT
A high WBGT impacted outdoor workers subjected to light workload in a specific part of the SC and PR states and in almost the entire RS, SP and MS states in the heat simulations (Figure 4a ). The WBGT was high in the southwestern and southeastern MT state and in a small area of the MG and RJ states. The most critical areas were located in the RS and SP states but mainly in the MS state. According to the definition by the Regulatory Standard n. 15 (Ministério do Trabalho e Emprego (MTE), 2013), outdoor workers subjected to light workload at two selected points (Figure 4b ) in the map could not work for a long period of their work shift during many heatwave days. The hourly mean of the WBGT exceeded the limit of 32.2 C at the selected point shown in graph 1 (Figure 4b ) for more than 20% of 4 hr work shifts. The hourly mean WBGT exceeded the limit of 32.2 C in 3-7% of the 28 heatwave exposure days depicted by the point in graph 2 (Figure 4b) for the 4 hr shifts. WBGT 28d exceeded 30 C at points 1 and 2 during at least half of the analysed period. The standard deviation behaviour was the same during the entire integration time; it exceeded 32.2 C at point 1 and 31.5 C at point 2 at warmer moments (Figure 4b ). However, based on specific critical situations, the WBGT exceeded the limit of 32.2 C on October 29 and 30, 2012 (days recording the highest WBGT), when WBGT > 32.2 C was recorded for 6 hr and 10 min in the western position and for 4 hr and 10 min in the southern MS state (Figure 4b ). WBGT > 30 C throughout the entire, or almost entire, work shift was also recorded and this value requires measures to control heat stress, even under light workload.
Outdoor workers in almost the entire Brazilian centralsouth domain must deal with control measures to avoid heat stress due to the WBGT limits defined for moderate workload ( Figure 5) . The most critical WBGT values (WBGT ≥ 31.1 C) recorded in some areas of the MT, MS, SP, PR and RS states (Figure 5a ) do not allow work without the control measures set by the Regulatory Standard n. 15 (Ministério do Trabalho e Emprego (MTE), 2013). WBGT ≤ 26.7 C was observed in small areas of the northeastern domain and in high altitudes of the SC state (Figure 5a ). Outdoor workers subjected to moderate workload in these small areas can work without control measures.
A selected point in MS (graph 1, Figure 5b ) presented a WBGT hourly mean higher than the limit of 31.1 C during 7 hr of the work shift, and in at least 20% of cases during 5 hr of the work shift. A selected point in RS (graph 2, Figure 5b) presented a WBGT hourly mean higher than the limit of 31.1 C in 5 hr work shifts, but only for 3.6% of the heatwave exposure days. WBGT 28d increased during the work shifts at both selected points, but it had a greater standard deviation at point 2. WBGT ≥ 26.7 C was recorded during the entire work shift on October 30, 2012 at point 1 and on October 27, 2012 at point 2 (Figure 5b) during the most critical conditions. These WBGT values require control measures for moderate workload. Workers with moderate workload during these 2 days could not work for 7 hr and 10 min in MS state, and for 5 hr and 10 min in RS state, if control measures were not adopted.
Heat stress situations faced by outdoor workers subjected to heavy workload required control measures in all centralsouth Brazil (Figure 6a ). The most critical values (WBGT ≥ 30 C) were recorded in extensive areas of the RS, PR, SP, MS, MT and RJ states.
The selected point in graph 1 (Figure 6b ) presented a WBGT hourly mean higher than the limit of 30.0 C during almost the entire work shift in at least 20% of cases; d exceeded 50% during 3 hr of the work shift. A selected point in RS (graph 2, Figure 6b ) presented a WBGT hourly mean higher than the limit of 30.0 C for a few heatwave days (d = 3.6%) in 2 hr work shifts. Both WBGT 28d and the standard deviation around this mean exceeded 25 C during the entire work shift at point 1 (graph 1, Figure 6b ), but only standard deviations higher than WBGT 28d exceeded 25 C during the work shift at point 2 (graph 2, Figure 6b ). However, the assessed workers required some control measures (WBGT > 25 C) in their workspace during the entire work shift on October 30, 2012 at point 1 and on February 1, 2010 at point 2 (Figure 6b) 14.3 21.4 28.6 28.6 21.4  d (% Temporal WBGT behaviour at two critical points in the map: , mean WBGT 28d ; , standard deviation of WBGT based on the 28 heatwave exposure days. , the most critical situations were recorded on October 29, 2012 (graph 1) and on October 30, 2012 (graph 2). The bottom of the graph shows the day rate d (%), when the WBGT hourly mean was higher than 32.2 C (when no work is allowed without appropriate control measures, according to regulatory standard n. 15 (MTE, 2013)) and SP states (graph 1, Figure 6b ) on October 30, 2012 showed that outdoor workers should not be subjected to heavy workload for 7 hr and 50 min. The period recording WBGT ≥ 30 C was shorter in the RS state (graph 2, Figure 6b) , only 2 hr.
The maximum WBGT under heatwave exposure conditions did not determine the adoption of control measures for workers subjected to light workload in a large area within the assessed domain, as well as for workers facing moderate workload in the northern and northeastern domains. However, based on the performance tests applied to the numerical model, the predicted WBGT tends to underestimate the observed WBGT in these areas. Assumingly, WBGT values require control measures in the northern and northeastern domains. The spatial configuration of the extreme WBGT in the present study was similar to that found by Kjellstrom et al. (2014) , who recorded the largest WBGT in western central-south Brazil. As Figure 4 but for heavy workload. The most critical situations were observed on October 30, 2012 (graph 1) and on February 1, 2010 (graph 2). d (%) is the day rate when the WBGT hourly mean was higher than 30.0 C The maximum WBGT maps (Figures 4a, 5a and 6a ) depicted the most critical heat stress situation in centralsouth Brazil. However, the temporal behaviour in Figures 4b,  5b and 6b, recorded in a single locality, shows different WBGT values in the 28 heatwave exposure days, because heatwaves have different intensities and spatial coverages in Brazil (Bitencourt et al., 2016) . In spatial terms, the greatest WBGT variability was observed in the eastern PR and SC states, and in almost the entire RS state the standard deviation extrapolated to 3 C (Figure7). The standard deviation exceeded 4 C in southern RS. The mean 1800 UTC WBGT of the 28 heatwave exposure days was lower in these areas: WBGT 28d < 25 C. Areas recording a higher mean 1800 UTC WBGT (WBGT 28d > 29.5 C) had lower standard deviation values (Figure 7) .
When the WBGT threshold ( Table 1 , Appendix 3 of the Regulatory Standard n. 15 (Ministério do Trabalho e Emprego (MTE), 2013)) is exceeded, workers are warned, but it does not necessarily mean that workers must rest for some time every hour or that they should stop their activities. However, control measures must be taken when tolerance thresholds are exceeded.
The Brazilian labour code regulating the occupational exposure to heat regulates the entire country and does not make a distinction between states. However, based on the WBGT mapping, some areas are more affected by intense heatwaves than others. The mapping shows the nonhomogeneous heat stress conditions in the studied domain. In addition, the impact of heat on outdoor workers also presents spatial variations due to other factors, such as work organization and the vulnerability of local populations, and is linked to the health condition of every worker.
| FINAL CONSIDERATIONS
The maps of wet-bulb globe temperature (WBGT) in central-south Brazil were based on numerical simulations performed during 28 days of exposure to heatwaves. The numerical simulations concerned day shifts and were based on data collected every 10 min. They were done to map the areas favourable for heat stress development by outdoor workers. The mean WBGT temporal behaviour during the assessed 28 heatwave exposure days in the most critical sites was found, as well as the day rate when the WBGT hourly mean was higher than the limit. Regression equations were used to estimate WBGT based on numerical output and on the observed data. The data observed in the weather stations were compared to simulated data in order to test the performance of the applied model. Areas presenting the greatest errors were the same areas as those recording lower WBGT values. Simulations underestimated the observations and indicated that the WBGT maps depict an optimistic reality during heatwave days.
Based on the results, Rio Grande do Sul (RS), São Paulo (SP) and Mato Grosso do Sul (MS) face the most critical situations for outdoor workers subjected to light workload during heatwave exposure. Workers subjected to moderate workload demand control measures to avoid heat stress in almost the entire central-south Brazil. Workers subjected to heavy workload demand control measures to avoid heat stress in almost the entire central-south Brazil, mainly RS, Paraná, SP, MS, Mato Grosso and Rio de Janeiro. Moderate and heavy workloads, without control measures, cannot be allowed for up to 7 hr of work shifts in the most critical conditions.
Our results are very useful for the development of worker-protection plans, since it is very difficult to find the WBGT based on data collected in all central-south Brazil. Public health in Brazil faces an urgent need to create or adapt public policies to minimize heatwave exposure effects and future climate change trends. Actions must be taken legally to protect outdoor workers, who are much more vulnerable to heat exposure. In other words, many work sectors must take control measures, such as breaks throughout the work shift for thermal recovery, water and salt replacement, and the use of proper clothing, amongst others. It is important to adopt continuous WBGT environmental monitoring procedures, even in central-south areas not impacted by heatwaves all year long.
The present WBGT mapping can be associated with other maps that also provide information about socioeconomic vulnerability and agricultural activity type, among other things. It details the ultimate results of heat impact on outdoor workers and provides complete information about heat stress risks in central-south Brazil. 
